Improved thermal properties are found for composites incorporating arc-purified SWCNTs, attributed to the higher degree of debundling and lower metal content of these CNTs. These compatibilized composites are new materials for potential high-temperature structural applications.
Introduction
Carbon nanotube (CNT) reinforced composites have attracted a great deal of interest for many applications due to their outstanding mechanical, electrical and thermal properties [1, 2] arising from the nanoscale dimensions, excellent physics characteristics and exceptionally high aspect ratio of nanotubes [3, 4] . Achieve a good dispersion of the reinforcement in the polymer matrix is the key to fabricate composites with enhanced properties; however, this is commonly a difficult task due to the strong tendency of the nanotubes to gather and form bundles. To improve their distribution through the matrix, different processing routes such as solution mixing [5] and in situ polymerization [6] have been employed. Moreover, other strategies have been used depending on the nature of the interactions between CNTs and polymers (i.e. covalent linkage, assembly and compounding previously functionalized CNTs with the polymer, dispersion of CNTs in compatibilizing agents [7] ).
Poly(aryl ether ketone)s (PAEKs) such as PEEK are an important class of high performance engineering thermoplastics displaying a unique combination of thermal stability, chemical and solvent resistance, excellent mechanical properties over a wide temperature range and good fire resistance [8, 9] . These polymers can be processed by conventional techniques, such as extrusion and compression molding, and can be applied as matrix resins for reinforced composites. Compared to poly(arylene ether sulfone)s, which are usually amorphous polymers and subject to attack by solvents, PAEKs are semicrystalline and therefore resistant to solvents, which is a critical factor in an aerospace environment.
However, due to their insolubility and high melting points (generally above 300 ºC), these polymers need to be processed under specific conditions. Since its commercialization, PEEK has been used in a wide range of applications, from medicine to the electronics, telecommunication and transport industries (automobile, aeronautic and aerospace) [10] . Over the last decades many studies have been reported on the structural [11] , mechanical [12] and thermal [13] characterization of this linear aromatic polymer, albeit only a few papers deal with such composites made of a PEEK matrix; the most relevant are those published by Shaffer et al. [14] , working with vapor-grown carbon nanofiber/PEEK composites, Deng et al. [15] , dealing with multi-walled carbon nanotube (MWCNT)/PEEK nanocomposites, and Song et al. [16] , who prepared sandwich like SWCNT paper/PEEK composites. Recently, our group reported the synthesis and characterization of PEEK/SWCNT composites [17] . We have developed strategies to efficiently incorporate the nanotubes in the PEEK matrix. An excellent approach would be to previously wrap the SWCNTs in this polymer. However, its insolubility in common organic solvents makes difficult to perform a wrapping process in liquid media.
Polysulfones (PSFs) are high performance amorphous thermoplastics well known for their toughness and stability at high temperatures [18] . Transparent, rigid and high-strength polymers, they exhibit excellent impact resistance over a wide temperature range and are highly resistant to water, steam, acids and oxidizing agents [19] . Their structure is formed by a monomeric unit which contains phenyl, ether and sulfone moieties. The phenyl rings give thermal stability to the polymer, enhanced by the high degree of resonant stabilization. Sulfone groups are very electron-withdrawing, and their proximity to benzene rings provides high thermal and oxidative resistances. The ether groups confer some flexibility, which leads to an inherent toughness [20] . These thermoplastics, widely used for medical and household appliances, are also employed in the electronics and automotive industries. In this work, they were chosen as compatibilizers due to their similar structure to the polymer matrix, miscibility with it at very low PSF content [21] , chemical compatibility with both components of the composite and solubility in common organic solvents. The sp 2 hexagonal networks of the SWCNTs are expected to undergo Л interactions with the aromatic moieties of the polysulfones. Furthermore, the oxygen groups (mainly carboxylic, but also others as phenol or aldehyde) generated onto the surface and tips of acid-treated SWCNTs are capable of forming hydrogen bonds with the highly polar segments of the PSFs chains. Likewise, the phenyl and bisphenol-A moieties of the compatibilizers would interact with the polymer matrix through Л-Л stacking. Therefore, the dual affinity of the polysulfones with the filler and matrix is expected to rule the wrapping process and the compatibilization effect. In the literature, several papers have been focused on the morphological [21] , thermal [18] and mechanical characterization [22] of PEEK/PSF mixtures. However, to best of our knowledge, there is no previous attempt to employ polysulfones as compatibilizers for polymer/CNT composites. Fig. 1 . The arc discharge SWCNTs were synthesized at the Institute of Carbon Chemistry (ICB-CSIC), Zaragoza, Spain, using graphite electrodes and Ni/Y~4/1 atomic % as catalyst [23] . These SWCNTs were purified following an experimental procedure inspired in the method developed by Yu et al. [24] .
They were refluxed in HNO 3 7M at 150°C for 4 h. The resulting mixture was bath sonicated for 30 min, and centrifuged at 3500 rpm for 15 min. The supernatant was decanted off, and the sediments were redispersed in H 2 O/HCl at pH~2. Centrifugation was repeated twice to maximize the removal of amorphous carbon impurities [25] . The final sediment was redispersed in deionized water, sonicated for 3 h, and centrifuged at 13000 rpm several times.
The resulting SWCNT dispersions were observed to be stable for several weeks; they were filtered through 1.2 µm pore size polycarbonate membranes, dried in an oven at 80-100 °C, and milled in an agate mortar. The carboxylic groups counteract the van der Waals attractive forces between CNTs and increase their polar character, which enhances the anchoring of compatibilizers and their integration into the polymer matrix. Laser-grown SWCNTs were prepared at the Steacie Institute for Molecular Sciences (SIMS-NRC), Canada, using an approach to the two-laser synthesis method [26] . The as-received samples were used without further purification.
The compatibilizing agents ( Fig. 1 ), poly(bisphenol-A-ether sulfone), PSF (M w ~ 35000 g/mol, T g = 201 ºC, d 25ºC = 1.24 g/cm 3 ), and poly(1-4-phenylene ether-ether sulfone), PEES (M w ~ 38000 g/mol, T g = 192 ºC, d 25ºC = 1.37 g/cm 3 ), were provided by Sigma-Aldrich in pellet form. The SWCNTs were wrapped by these polymers in liquid media: 25 mL of a PSF 1,4-dioxane or PEES 1-methyl-2-pyrrolidone (NMP) solution (both at 1.5% w/w) were mixed with ~260 mg of SWCNTs (either laser as-grown or acid treated arc-discharge) with bath sonication for 5 min. Each mixture was treated with a Hielscher DRH-UP400S ultrasonic tip (400 W maximum power; 24 kHz maximum frequency) for 60 min at 50% oscillation amplitude and 50% cycle time. The resulting dispersion was observed to be highly stable.
Then it was filtered using a 0.1 µm pore size PTFE membrane and finally dried under vacuum at 60 ºC during 2 or 24 hours (for 1,4-dioxane or NMP respectively) to assure total evaporation of the solvent. In order to homogenize the particle size, the resulting solid was milled in an agate mortar.
A complete characterization of the solid SWCNT dispersions in the compatibilizing agents was carried out by SEM, TEM, X-ray diffraction, FT-Raman spectroscopy and TGA; these results will be discussed in a following section.
Preparation of PEEK/SWCNT composites
The composites were prepared following a procedure based on the use of mechanical treatments in organic solvent. Before blending, the polymer was vacuum dried at 120 ºC for 4 h to minimize the effects of moisture and ground with a ball mill in order to reduce its particle size. After, the fine polymer powder was manually mixed with the SWCNTs wrapped in the compatibilizing agents (see nomenclature in Table 1 ). Each mixture PEEK/SWCNT was dispersed in a small volume of ethanol and then homogenized by mechanical stirring and bath ultrasonication for approximately 30 min (a compromise between achieving sufficient dispersion and minimizing CNT damage). Subsequently, the dispersion was partially dried in vacuo at 50 ºC under a pressure of about 70 mbar for 5 min; the bath sonication and drying steps were repeated successively until the solvent was completely removed.
The melt-compounding was performed in a Haake Rheocord 90 extruder operating at 380 ºC, with a rotor speed of 150 rpm, using mixing times of 20 min. For comparative purposes, samples including non-wrapped SWCNTs, as well as reference PEEK/PSF and PEEK/PEES blends containing the same amount of compatibilizer as the PEEK/SWCNT (1 wt%) composites were also prepared in the same way. The samples were allowed to cool to ambient temperature and then divided into smaller pieces. These were pressed into thin films (0.5 mm thick) at 380 ºC under 130 bar and refrigerated between metal plates at 15 ºC, to be employed for the different measurements.
Scanning and transmission electron microscopies
The morphology of the SWCNTs and the composites was examined with a Philips XL 
FT-Raman spectroscopy
The FT-Raman Spectra of the SWCNTs were performed using a HORIBA Jobin Yvon
Raman spectrometer model HR 800 UV, working with a 532 nm laser excitation source; the data were analysed with NGS LabSpec software. At least 3 different spectra were recorded for each nanotube sample, and those reported are the corresponding averages.
Thermogravimetric analysis
Thermogravimetric analysis (TGA) of the SWCNTs and the composites was conducted using a TA-Q500 thermobalance; prior to the measurements, treated SWCNTs were dried overnight at 100 ºC to assure total evaporation of the solvent. Samples of ~5 mg were ramped at a heating rate of 10 ºC/min, from room temperature to 900 ºC, with a gas purge of 150 mL/min.
The analysis was performed under both nitrogen and dry air atmospheres.
Differential scanning calorimetry
Dynamic DSC experiments were carried out in a Mettler TA4000 differential scanning calorimeter, equipped with a DSC-30 oven with automatic temperature control, operating under nitrogen flow. Samples with an average mass of 12 mg were melted at 380 ºC and maintained at this temperature for 5 min to erase the thermal history of the material.
Subsequently, several cooling and heating cycles were performed at rates of 2, 5, 10 and 15 ºC/min, in the temperature range between 30 and 380 ºC.
The transition temperatures were taken as the peak maximum or minimum in the calorimetric curves. The degree of crystallinity of PEEK composites was calculated from the normalized peak enthalpies according to the relation: X m = ∆H m,PEEK /(∆H°m ,PEEK × w PEEK )
where ∆H m,PEEK is the apparent melting enthalpy of PEEK, w PEEK is the weight fraction of PEEK in the composites and ∆H°m ,PEEK is 130 J/g, the theoretical value of enthalpy for a 100% crystalline PEEK sample [27] .
X-ray diffraction
Simultaneous small and wide-angle X-ray scattering (SAXS/WAXS) experiments using synchrotron radiation were performed at the A2 beamline of the HASYLAB synchrotron 
Results and discussion

Characterization of the SWCNT dispersions
The SWCNTs wrapped in the polysulfones were extensively characterized by different techniques before proceeding to the preparation of the composites; these results are summarized in Table 1 . (Table 1) .
X-ray diffraction patterns of the different SWCNTs are shown in Fig. 3 . Intense bundle lattice peaks, appearing at low diffraction angles [28] (see the arrows marked on the plot), can be visualized in the diffractogram of pristine laser-grown SWCNTs (Fig. 3a) . The synthesis procedure of these nanotubes provides a material with thick rope-like bundles of CNTs which are present since they were used without further purification. The wrapping process in the polysulfones induced nanotube disaggregation, as revealed by the noticeable diminution or disappearance of the bundle peaks. Notice that the main feature bands of the pure polysulfones are low intense and appear in the angular range 2θ = 17 -25º; therefore, they practically do not interfere with the bundle lattice peaks, as seen in Fig. 3c . In the arc-purified SWCNTs ( Fig.   3b ), the absence of metal catalysts diffractions (Ni peaks at 2θ = 44.4 and 51.9º) evidences the successful removal of metallic impurities during the purification treatment. Moreover, most of the bundle peaks of the non-wrapped arc-purified SWCNTs could hardly be detected (only a slightly visible maximum at 2θ ≈ 6º), which might point to a pre-debundling induced by the purification process. The indicated lattice peak is even less intense for the arc-purified SWCNTs wrapped in PSF, and practically disappears when the nanotubes are dispersed in PEES. The polysulfone bands seem to contribute slightly to the diffraction pattern of the arcpurified wrapped SWCNTs (Fig. 3b ), being this influence stronger for those shrouded in PEES, as revealed by the higher intensity ratio of its bands in comparison with the graphite peak (2θ = 26.6). This is perfectly consistent with the polysulfone content measured by TGA (see Table 1 ). Overall, the comparison of the different diffractograms indicates that the acidtreated SWCNTs wrapped in the polysulfones are the most effectively debundled.
The FT-Raman spectra of the SWCNTs and their dispersions in both polysulfones ( CNTs with imperfections present in the sample, this observation suggests higher defect content in this type of SWCNTs, probably originated during the purification treatment in nitric acid.
The Raman shift of the RBM is inversely proportional to the SWCNT diameter, and reflects the tube diameter distribution in the SWCNTs excited with this particular wavelength.
The position of the RBM has been reported to be strongly influenced by the nanotube packing, doping and wrapping [30] . In the case of arc-purified SWCNTs, no appreciable change is found in the RBM part of the spectra after the dispersion process in the compatibilizers. In contrast, for laser-grown SWCNTs (Fig. 4c) , a pronounced upshift of ~12 cm -1 is observed in the maximum RBM peak from the pristine nanotubes to the polysulfone-wrapped material.
This is a clear proof of the debundling caused by the polysulfones, as this RBM displacement has been previously attributed to a polymer intercalation among individual SWCNTs in a bundle [31] . These observations are in good agreement with those derived from the X-ray diffractograms.
TGA under air atmosphere was carried out to obtain information about the thermooxidative stability of the CNT samples and determine their metallic residue. The temperatures of maximum rate of weight loss (T mr ) for the wrapped SWCNTs are collected in Table 1 .
Higher oxidation temperatures are associated with purer and less defective materials [32] .
Although highly purified and defect-free SWCNTs will oxidize at temperatures ≥ 700 ºC, it has been shown that the presence of even small quantities of impurity carbons can induce oxidation at lower temperatures [33] . Moreover, the position of T mr peak is also strongly affected by the amount and morphology of the metal impurities. The residual mass corresponds to the oxidized catalyst particles, and provides an upper limit to the abundance of metal in the samples. As expected, purified arc-grown SWCNTs, with a lower content of metal impurities, present improved thermal stability than as-grown laser-SWCNTs. With regard to the amount of compatibilizer retained by the SWCNTs, it can be seen from Table 1 that the dispersions retain more PEES than PSF, attributed to the higher polarity of the former polysulfone, and the AP-PEES sample exhibits the highest compatibilizer content.
Carbon nanotube dispersion in the composites
The homogeneous dispersion of the SWCNTs in the polymer matrix is one of the most important features for reinforcing the composites, since any heterogeneity or aggregation could result in structural defects, which would have detrimental effects on the mechanical properties. The state of dispersion and morphology of PEEK composites was qualitatively visualized by SEM. Fig. 5 shows typical micrographs at different magnifications of compatibilized films containing 1.0 wt% laser-grown SWCNTs; similar images were obtained from samples prepared with arc-purified SWCNTs. For all the samples analyzed, only two phases were observed, indicating good miscibility between the compatilibizer and PEEK. The
CNTs (which appear as bright spots) are found to be randomly and well-dispersed within the matrix by the combination of ultrasonication and shear force from melt-blending (see arrows marked on the image). No CNT agglomerations or entanglements were observed in the whole examined areas; the energy of the sonication process breaks up the aggregates, leading to a fine dispersion of the SWCNTs, which results in a large CNT-matrix effective contact area.
Moreover, no open ring holes or voids were observed around the SWCNTs, hinting at the existence of good filler-matrix interfacial adhesion. It is worthy to notice that the average bundle diameters of the SWCNTs dispersed in PSF and PEES (Table 1) are smaller than the values obtained from SEM images of the non-wrapped SWCNTs [17] . This indicates that the addition of the polysulfones leads to a significant CNT disentanglement and debundling, and thereby confirms their efficiency as compatibilizing agents. The satisfactory dispersion of the SWCNTs in the composites is attributed to the effective pre-mixing stage under ultrasonic vibration in ethanol as well as to the use of compatibilizers miscible and structurally similar to the PEEK matrix.
Thermal stability
To analyze the influence of the CNTs and the compatibilizers on the thermal stability of these composites, TGA was carried out under both oxidative and inert atmospheres. TGA studies performed by other authors [35] . Similar trends were found within the temperatures of maximum rate of weight loss (T mr ). In the case of oxidant environment, the stabilization effect was systematically more pronounced for the second stage (T mr II ), probably due to the lower degradation rate of this step.
The comparison of these data with TGA results from similar non-compatibilized samples (Table 2) only been reported in the literature for a few compatibilized polymer/CNT systems [36, 37] .
The compatibilizer improves the dispersion of the nanofillers and is expected to enhance their adhesion with the polymer matrix; this should increase the barrier effect of the CNTs, which effectively hinders the diffusion of the degradation products from the bulk of the polymer to the gas phase, hence slowing down the decomposition process. Moreover, polysulfones possess excellent thermal stability [18] , and consequently PEEK/PSF and PEEK/PEES reference blends present slightly higher decomposition temperatures than the pure matrix.
Regarding the influence of the compatibilizer, no significant differences were found between composites incorporating PEES and PSF, as it can be concluded from Table 2 , which collects the characteristic temperatures for PEEK/SWCNT composites, the pure compounds and the reference mixtures. Nevertheless, the type of SWCNT seems to affect the decomposition process. Samples including arc-purified SWCNTs exhibit the highest degradation temperatures. This is consistent with the results obtained from TGA study of the SWCNTs (Table 1) , which shows that these CNTs are more resistant to oxidation, probably due to their lower metal content, since the residual impurities are known to catalyze the decomposition process [38] . The excellent characteristics of these fillers, combined with their effective dispersion in the polysulfones, which additionally possess superior thermal stability, are synergic effects that lead to a noticeable enhancement in the degradation temperatures of the matrix.
Crystallization and melting experiments
One of the major issues in thermal analysis is the study of the crystallization and melting behavior of the polymer matrix in the composites, especially the role of the reinforcement entities and compatibilizers in these processes, which strongly influence the macroscopic properties of the materials. To evaluate these effects, PEEK/SWCNT composites incorporating varying concentration of CNTs were subjected to DSC analysis under non-isothermal conditions. Fig. 7a shows, as an example, the crystallization exotherms for PEEK/LG+PSF composites with different CNT content. Interestingly, it can be observed that the addition of 0.1 wt% SWCNT loading dispersed in PSF leads to a slight increase in the crystallization peak the overall crystallization process. When a minor CNT content is incorporated in the PEEK matrix, the nucleating effect probably prevails, whereas at higher loadings, although the nucleation surface becomes larger, the formation of a strong CNT network should hinder the crystal growth, leading to lower T c and X c for these composites.
To corroborate the above indicated phenomena, two kinetic parameters, the nucleation activity and the effective energy barrier, were determined from DSC curves obtained at different cooling rates. Dobreva and Gutzow [39, 40] suggested a simple method for calculating the nucleation activity (NA) of foreign substrates. It is known that this parameter decreases with the addition of nanofillers; it approaches to 0 for extremely active particles, whilst tends to 1 in the case of inert substrates. For homogeneous nucleation, the cooling rate φ can be written as lnφ = A-(B/∆T p 2 ), while for the heterogeneous case it follows the expression lnφ = A-(B * /∆T p 2 ), where A is a constant, B and B * are thermodynamic parameters [45] and ∆T p is the difference between the melting temperature and T c . Therefore, from the slopes of the linear plots lnφ vs. 1=∆T p 2 ( Fig. 8) , the values of B and B * can be calculated for PEEK and the composites, respectively, hence the nucleation activity NA = B/B * . The addition of small amounts of SWCNTs dispersed in PSF causes a reduction in NA, which reaches a value of 0.84 for 0.1 wt% loading; similar results were obtained for the other systems tested, suggesting that low contents of wrapped SWCNTs act effectively as nucleating agents in the PEEK matrix. However, further increase in the filler loading leads to a negative effect on the nucleation process (NA~1), hence makes the crystallization process slower. This dependence of the nucleating activity of the wrapped SWCNTs on the polymer matrix justifies the variations observed in the crystallization temperature and crystallinity of PEEK with the nanofiller content (Fig. 7a ).
On the other hand, the crystallization activation energy, or effective energy barrier ∆E, can be used to estimate the growth ability of the chain segments. The higher ∆E, the more difficult is the transport of macromolecular segments to the growing surface. To obtain further information about the role of the polysulfones, PEEK/PSF and PEEK/PEES reference mixtures as well as non-compatibilized samples were also analyzed by DSC (Table 3) . A small T c decrease (~5 ºC) was observed for PEEK composites incorporating A close analysis of Table 3 reveals the influence of the type of nanotube on the crystallization and melting behavior of the matrix; composites incorporating wrapped arcpurified SWCNTs present the highest T m , T c and crystallinites. This is consistent with the observations made from the X-ray diffractograms of the nanotubes, which indicated that acidtreated SWCNTs dispersed in the polysulfones are the most effectively disentangled and debundled. Moreover, according to SEM analysis, these SWCNTs present the smallest bundle diameter, hence improved dispersion inside the PEEK matrix; this makes the aforementioned confinement effect less significant, and therefore crystallization occurs at higher temperatures.
X-ray diffraction analysis
To obtain additional information about the crystalline characteristics of the PEEK matrix in the composite (i.e. structure, crystallization rate, overall crystallinity, crystallite size, etc.), the melting and crystallization processes were monitored by simultaneous SAXS and WAXS experiments, using synchrotron radiation. The degrees of crystallinity X c were estimated from the approximate relative areas under the amorphous and crystalline peaks of the diffractograms at 25 ºC, and are listed in Table 4 for comparison with DSC results. As it can be observed, both data series agree fairly well and reveal a similar dependence of the crystallinity on the CNT content. The crystallite size (D 110 ) of the composites was calculated from the room temperature diffraction patterns following the Scherrer equation [44] , and the values obtained are also included in Table 4 .
Samples incorporating very small amounts of wrapped CNTs exhibit larger crystals than pure PEEK, whereas those with higher loadings present similar or slightly lower crystal sizes. This temperature to the melt was used to calculate L (L=1/s max ) [45] , which represents the sum of the average thickness of the crystal lamellae and the interlamellar amorphous regions. All the samples tested exhibit a remarkable increase in the long spacing from ~270 ºC up to the approach of the melting point, temperature range which approximately corresponds to the growth of polymer crystals observed from the WAXS diffractograms (Fig. 9 ). This evolution of L suggests the existence of rearrangement processes and improvement (i.e. perfection and thickening) of the matrix crystals during the heating cycles subsequent to the crystallization process [11, 46] . Furthermore, these recrystallization phenomena could explain the higher crystallinities obtained from DSC heating thermograms in comparison to the values derived from the cooling scans (Table 3) .
With regard to room temperature L data for the different concentrations, it can be observed that composites including 0.1 wt% wrapped SWCNTs exhibit larger values than PEEK, whilst those containing higher concentrations display smaller L. This suggests that the melting behavior of the composites is controlled by the previous crystallization process; the aforementioned change from promotion to reduction in the crystallization rate of PEEK as the CNT content increases is reflected in the formation of larger and smaller crystals than the pure matrix, respectively. Small differences are found among L of composites compatibilized with PSF or PEES (Table 4 ), since they crystallize approximately at the same temperature and exhibit similar crystallization process, as revealed by WAXS patters. Nevertheless, the noncompatibilized samples present smaller L; thus, at 1.0 wt% CNT loading, it decreases by ~10% in comparison to that of PEEK. On the other hand, differences between L values of the composites and the matrix decrease with increasing temperature, and become negligible (<3%) in the vicinity of the melting point (Fig. 10 ). This behavior indicates that the effect of reorganization and perfection of the PEEK crystals is favored in the samples with smaller crystal size, and is consistent with the fact that all composites present relatively similar T m value to that of PEEK, as revealed by DSC heating curves (Fig. 7b) .
Conclusions
The structure, morphology and thermal properties of high performance semicrystalline PEEK/SWCNT composites incorporating two different polysulfones as compatibilizing agents have been characterized. X-ray diffraction patterns of the SWCNTs dispersed in the polysulfones revealed an effective debundling and disentanglement of the CNTs. Scanning electron microscopy observations showed that the wrapped SWCNTs were homogenously dispersed in the thermoplastic matrix using mechanochemical pre-treatments in an organic solvent followed by a conventional melt-extrusion process. TGA thermograms demonstrated a remarkable increase in the degradation temperatures of the composites by the incorporation of the polysulfones, attributed to the compatibilizing effect and the high thermal stability of these amorphous polymers. The largest thermal enhancement was found for samples including arcpurified SWCNTs, ascribed to the lower metal content, higher degree of debundling and decomposition temperatures of these CNTs. The addition of 0.1 wt% wrapped SWCNTs increased the crystallization temperature of PEEK, whereas it decreased slightly at higher concentrations, due to the inactive nucleating effect of the nanofillers, the restrictions on chain diffusion imposed by the CNT network and the presence of an amorphous compatibilizer miscible with the matrix. Similar trends were found within the level of crystallinity of the composites, calculated from both DSC and X-ray diffraction measurements. Samples containing very small amount of wrapped SWCNTs exhibited larger crystallite size and long period values than the pure matrix. At higher loadings, the dense CNT network reduced the crystallization rate of PEEK, leading to the formation of smaller and less perfect crystals.
Overall, the thermal properties of these composites improved considerably in the presence of the polysulfones, and are well above the required for application in the transport industries. Graphite (002) Ni (200) Ni (111) SWCNTs bundles
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